The ongoing outbreak of viral pneumonia in China and beyond is associated with a novel 28 coronavirus, provisionally termed 2019-nCoV. This outbreak has been tentatively associated 29 with a seafood market in Wuhan, China, where the sale of wild animals may be the source of 30 zoonotic infection. Although bats are likely reservoir hosts for 2019-nCoV, the identity of 31 any intermediate host facilitating transfer to humans is unknown. Here, we report the 32 identification of 2019-nCoV related coronaviruses in pangolins (Manis javanica) seized in 33 anti-smuggling operations in southern China. Metagenomic sequencing identified pangolin 34 associated CoVs that belong to two sub-lineages of 2019-nCoV related coronaviruses, 35 including one very closely related to 2019-nCoV in the receptor-binding domain. The 36 discovery of multiple lineages of pangolin coronavirus and their similarity to 2019-nCoV 37 suggests that pangolins should be considered as possible intermediate hosts for this novel 38 human virus and should be removed from wet markets to prevent zoonotic transmission. 39 3 Text 40
Species. We received frozen tissue (lungs, intestine, blood) samples that were collected from 63 18 Malayan pangolins (Manis javanica) during August 2017-January 2018. These pangolins 64 were obtained during the anti-smuggling operations by Guangxi Customs. Strikingly, high- 65 throughput sequencing of their RNA revealed the presence of coronaviruses in six (two lung, 66 two intestine, one lung-intestine mix, one blood) of 43 samples. With the sequence read data, 67 and by filling gaps with amplicon sequencing, we were able to obtain six full or nearly full 68 genome sequences -denoted GX/P1E, GX/P2V, GX/P3B, GX/P4L, GX/P5E and GX/P5L -69 that fall into the 2019-nCoV lineage (within the genus Betacoronavirus) in a phylogenetic 70 analysis (Figure 1a ). These viruses also have similar genomic organization as 2019-nCoV, 71 with nine predicted open reading frames (Figure 1b ; Extended Data Table S5 ). We were also 72 able to successfully isolate the virus using the Vero E6 cell line (Extended Data Figure S1 ). 73 Based on these new genome sequences, we designed primers for qPCR detection to confirm 74 that the raw samples were positive for the coronavirus. We conducted further qPCR testing 75 on another batch of archived pangolin samples collected between May-July 2018. Among the 76 19 samples (nine intestine tissues, ten lung tissues) tested from 12 animals, three lung tissue 77 samples were coronavirus positive. 78 79 In addition to the animals from Guangxi, after the start of the 2019-nCoV outbreak the 80 Guangzhou Customs Technology Center re-examined their five archived pangolin samples 81 (two skin swabs, one unknown tissue, one scale) obtained in previous anti-smuggling 82 operations in March 2019. Following high-throughput sequencing the scale sample was 83 found to contain coronavirus reads, and from these data we were able to assemble a partial 84 genome sequence of 21,505bp (denoted as GD/P2S), representing approximately 72% of the More notable, however, was the observation of putative recombination signals between the 102 pangolins coronaviruses, bat coronaviruses RaTG13, and human 2019-nCoV (Figure 1c, d) . 103 In particular, 2019-nCoV exhibits very high sequence similarity to the Guangdong pangolin 104 coronaviruses in the receptor-binding domain (RBD; 97.4% amino acid similarity; indicated 105 by red arrow in Figure 1c and Figure 2a ), even though it is most closely related to bat 106 coronavirus RaTG13 in the remainder of the viral genome. Bat CoV RaTG and the human 2019-nCoV have only 89.2% amino acid similarity in RBD. Indeed, the Guangdong pangolin 108 coronaviruses and 2019-nCoV possess identical amino acids at the five critical residues of the 109 RBD, whereas RaTG13 only shares one amino acid with 2019-nCoV (residue 442, human 110 SARS-CoV numbering 9 ). Interestingly, a phylogenetic analysis of synonymous sites alone in 111 the RBD revealed that the phylogenetic position of the Guangdong pangolin is consistent 112 with that in the remainder of the viral genome, rather than being the closest relative of 2019-113 nCoV ( Figure 2b ). Hence, it is possible that the amino acid similarity between the RBD of 114 the Guangdong pangolin coronaviruses and 2019-nCoV is due to selectively-mediated 115 convergent evolution rather than recombination, although it is difficult to choose between 116 these scenarios on current data. Although the drivers of any convergent evolution are 117 unknown, its possible occurrence, as well as that of recombination, would further highlight Data Table S1 ). We obtained near complete genomes from these 174 samples (98%, compared to 2019-nCoV), with the virus genomes denoted as GX/P1E, GX/P2V, GX/P3B, GX/P4L, GX/P5E and GX/P5L. Based on these genome sequences, we 176 designed primers for qPCR to confirm the positivity of the original tissue samples (Extended 177 Data Table S4 ). This revealed an original lung tissue sample that was also qPCR positive, in 178 addition to the six original samples with coronavirus reads. We further tested an addition 19 179 samples (nine intestine tissues, ten lung tissues), from 12 smuggled pangolins sampled 180 between May-July 2018 by the group from Guangxi Medical University. The genome 181 sequences of GX/P1E, GX/P2V, GX/P3B, GX/P4L, GX/P5E and GX/P5L were submitted to 182 GenBank and GISAID databases, their accession numbers will be available as soon as it is 183 generated. RNA-seq raw files on the SRA database (https://www.ncbi.nlm.nih.gov/sra). We screened 199 these raw read files using BLAST methods and found that five (SRR10168374, 200 SRR10168376, SRR10168377, SRR10168378 and SRR10168392) contained reads that 201 mapped to 2019-nCoV. These reads were subjected to quality assessment, cleaning and then 202 de novo assembly using MEGAHIT 12 and reference assembly using BWA 13 . These reads 203 were then merged and curated in a pileup alignment file to obtain the consensus sequences. Data Table S3 ) and compared to those obtained here. We constructed a multiple 224 sequence alignment of their complete genomes and individual genes using MAFFT v7.273 14 . 225 Maximum likelihood phylogenies were estimated using PhyML v3.1 15 , utilizing the 226 GTR+I+G model of nucleotide substitution with 1,000 bootstrap replicates. To investigate 227 potential recombination events, we implemented a window sliding approach to determine the 228 changing patterns of sequence similarity and phylogenetic clustering between the query and 229 the reference sequences, as well as a scanning of phylogenetic clusters performed directly 230 from the multiple sequence alignment. Maximum likelihood trees were estimated from each 231 window extraction (i.e. genome regions 1 to 8) using PhyML as described above. 
